Abstract: Dysphagia is an often multifactorial pathology affecting many elderly patients. In addition to global neuromuscular change with normal aging, one component of its etiology may be direct compression of the pharynx or esophagus from overgrown bone from the anterior cervical spine. Diffuse idiopathic skeletal hyperostosis (DISH) is one condition that may contribute to this phenomenon. Of relatively high incidence (2.5% to 33.3%) in elderly populations, DISH has been described in the cervical spine though more frequently affects other spinal regions. The clinical case of an elderly man who developed significant dysphagia after undergoing lumbar spine surgery for spinal stenosis caused by DISH is presented. Awareness of the involvement in his cervical spine before surgery would likely have enabled a more prompt diagnosis of the etiology of dysphagia and allowed for peri-operative optimization of swallowing function to reduce morbidity. We recommend routine preoperative imaging of the cervical spine in all patients with a diagnosis of DISH to stratify risk for development of postoperative dysphagia.
Introduction
Dysphagia is a broadly described condition with an incidence that continues to rise as a larger portion of the population reaches an advanced age (1, 2) . Oropharyngeal dysphagia leads to an impairment of swallowing initiation that may also result from physiologic aging or be influenced by a variety of neuromuscular conditions (2) . Esophageal motility also changes drastically with the aging process, further contributing to multifactorial difficulty with the safe and effective consumption of liquids and solids (3, 4) .
Anterior cervical hyperostosis (ACH) refers to excessive osteophyte formation and bony overgrowth of the ventral cervical spine. This may result from diffuse idiopathic skeletal hyperostosis (DISH), degenerative spondylosis, post-traumatic change or adjacent segment disease following spinal fusion; these processes have been described in several case reports and case series (5) (6) (7) (8) (9) (10) (11) (12) (13) .
The pre-vertebral fascia forms the posterior border of the laryngopharynx, creating an intimate anatomic relationship from C2 to C5. The pharyngoesophageal junction is located at the C5-C6 disc space. The esophagus then extends directly anterior to the anterior longitudinal ligament at the midpoint of the vertebral bodies; its course progresses anterior to the aorta at T8, then to the diaphragmatic hiatus at T10 and ends at the gastroesophageal junction at approximately T11 (14) . The esophagus is anatomically tethered at the level of the cricoid and the diaphragm, resulting in close adherence to much of the subaxial spine. From C5 to C7, the distance from the esophagus to the cervical spine ranges from just 1 to 3 mm in normal adults (15) . Overgrowth of bone along the anterior spine can lead to dysphagia via several proposed mechanisms. Direct compression of the posterior laryngopharynx or esophagus may reduce lumen patency, limit mobility, or impair the neuromuscular mechanism required for swallowing; motion of soft tissue over a focal area of compression may also result in inflammation and edema (16) (17) (18) .
Senile ankylosing hyperostosis of the spine was first described in 1950 by Forestier, with clear radiographic and clinical distinctions from ankylosing spondylitis (19) . It was presented as a novel pathology without peripheral joint involvement and which featured thick bulging bony protuberances from the vertebral bodies most notable on lateral radiographs. This condition was subsequently known as Forestier's disease until 1975. Resnick suggested the name DISH in a series describing the extra-spinal manifestations of the condition including involvement of the pelvis, foot and elbow (20) .
Prevalence of DISH is poorly defined, though it is understood to generally increase with age with described values ranging from 2.5% to 33.3% in elderly populations (21, 22) . It typically presents with pain and stiffness and may be radiographically diagnosed by "flowing ossification" along the anterolateral aspects of multiple vertebral segments with the absence of significant degenerative changes or ankylosis of the facet or sacroiliac joints. The thoracic spine is by far the most common site of involvement, followed by the lumbar and cervical regions, respectively (22) . Within the cervical spine, manifestations are most common at the C4-C7 levels (10) .
We present a case of an elderly patient undergoing lumbar spine decompression and fusion for spinal stenosis in the setting of lumbar DISH. His postoperative course was complicated by significant dysphagia likely caused in part by DISH of the cervical spine that was undiagnosed preoperatively. We have recommended routine preoperative imaging of the cervical spine for all patients who may be suspected to have cervical DISH or may otherwise be predisposed to multi-factorial dysphagia following surgery.
Case presentation
The patient is an 83-year-old male who suffered from low back and bilateral leg pain for many years. It progressed steadily to limit his ability to walk more than one half block at a time despite adhering to physical therapy and several trials of anti-inflammatory medication. He also described numbness and subjective weakness of the legs. Physical exam revealed 4/5 strength in all major muscle groups of the bilateral lower extremities as well as some subjectively diminished sensation in the bilateral feet. Initial radiographs revealed diffuse degenerative changes most significant at the anterior vertebral bodies where osteophytic overgrowth that had progressed to near autofusion ( Figure 1 ). MRI demonstrated multiple degenerative lumbar disks and severe stenosis from L3-S1 ( Figure 2) . A diagnosis of lumbar spinal stenosis in the setting of DISH resulting in severe neurogenic claudication was made, and after appropriate counseling he elected to proceed with L3-S1 posterior decompression. Preoperative workup was notable only for hypertension, chronic kidney disease and gastroesophageal reflux. He had no history of diabetes, a noted risk factor for both dysphagia and DISH (23) . On the day of surgery, he underwent uneventful endotracheal intubation, with a total anesthesia time of 5 hours and 42 minutes and estimated blood loss of 518 mL. Extubation was uneventful and postoperatively he was admitted to the surgical ICU for monitoring; he received 1 unit of blood and remained clinically stable. He tolerated sips of water several hours after surgery.
On the morning of postoperative day (POD) 1 the patient complained of difficulty swallowing liquids and oral medications. An evaluation was conducted by a speechlanguage pathologist (SLP); and recommendations were for NPO and prompt administration of an alternate source of nutrition. A Dobhoff tube was placed for administration of medications and enteral feeding. Upon direct questioning at this time, he did describe occasional episodes of coughing when swallowing liquids over the course of the several months preceding surgery. He had not sought any medical attention for this complaint. Daily SLP evaluation was remained consistent with generalized oropharyngeal weakness leading to signs and symptoms of aspiration.
On POD 2 an ENT consultation was obtained; laryngoscopy revealed a unilateral hypomobile vocal cord though with maintained full glottic closure. No clear etiology was determined. On POD 4 a cervical spine radiograph was obtained to further investigate etiologies of his symptoms (Figure 3) . At this time, significant anterior hyperostosis was noted with diffuse nonmarginal osteophytes and general maintenance of disc space height; a diagnosis of cervical DISH was made.
On POD 5 a barium swallow study was recommended due to persistent delayed swallow response; this study demonstrated persistent pharyngeal weakness. On POD 7, PO intake was gradually advanced which progressed to pureed liquids by POD 9. The patient was discharged on POD 9 to an inpatient rehabilitation center where his recovery progressed. Written informed consent was obtained from the patient for publication of this case report and any accompanying images.
Discussion
Post-operative dysphagia is a well-established complication of cervical spine surgery, particularly from an anterior approach, while lumbar spine surgery is not a known direct risk factor (24) (25) (26) (27) . Smith-Hammond et al conducted a prospective cohort study to determine the incidence and risk factors for postoperative dysphagia after cervical and lumbar spine surgery (28) . There was subjective and objective evidence of dysphagia in a significant proportion of patients with indications for cervical spine surgery, though not in those undergoing lumbar surgery. The incidence of acute and clinically significant postoperative dysphagia was 50% in patients undergoing anterior cervical spine surgery, 20% in those undergoing posterior cervical surgery, and insignificant in posterior lumbar surgery controls. Age was the only significant risk factor. The etiologies of acute dysphagia following anterior cervical spine surgery has been well documented, including direct effect of intraoperative retraction pressure as well as mechanical effect of hardware on the posterior laryngopharynx or esophagus (29) .
The direct correlation between incidence of postoperative dysphagia and duration of endotracheal intubation has been described extensively in a wide variety of patient populations, though most studies have evaluated cohorts with a total intubation time exceeding 48 hours (30, 31) . 
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Increased subjective symptoms of dysphagia postoperatively in patients undergoing thyroid surgery with endotracheal intubation versus laryngeal mask airway (LMA) has been described (32) . Proposed mechanisms include direct irritation of the submucosa of the vocal chords and trachea, though surgical manipulation of nearby structures may have also played a significant role given this specific procedure. There is a general lack of literature describing the incidence of dysphagia after routine endotracheal intubation for elective surgery lasting several hours or less.
We describe the case of an elderly male with significant postoperative dysphagia following lumbar spine surgery. At the time of intubation and extubation there were no apparent difficulties, and total duration of intubation was far less than the range considered prolonged and typically discussed in the context of post-extubation dysphagia. Globally depressed neuromuscular function after general anesthesia as well as pharyngeal irritation from intubation and/or extubation is proposed exacerbating factors of what was likely undiagnosed subclinical dysphagia preoperatively. This preexisting condition was likely caused, at least in large part, by anterior osteophytes and hyperostosis of the cervical spine resulting from DISH, of which the treatment team was unaware before surgery. Knowledge of this likely predisposition to post-operative dysphagia could have allowed for early involvement of SLP services post-operatively. While corticosteroid administration has been shown to be of significant benefit in acute dysphagia following anterior cervical spine surgery, the lack of known local causal factors in this case of a lumbar surgery would have precluded this intervention. Similarly, no surgical intervention was indicated for the treatment of postoperative dysphagia in the setting of cervical DISH after this lumbar procedure due to the absence of confirmation that anterior hyperostosis was the sole casual factor, as well as the patients improvement with supportive treatment.
Three studies evaluating whole-spine imaging of patients with diagnoses of DISH have characterized the relative incidences of location of disease; among these studies there is universal support of the understanding that thoracic involvement is much more prevalent than cervical or lumbar (22, 33, 34) . Upon evaluation of 178 whole-spine radiographs of patients diagnosed with DISH at any location, none were found to have isolated cervical or lumbar disease. The 88.7% of patients had disease isolated to the thoracic spine, and 11.3% had diffuse type, with disease in at least 2 of the 3 spinal segments (cervical, thoracic, lumbar) (33). Kim et al. found that for patients diagnosed with DISH at any location, the prevalence of cervical and lumbar disease was present in 7.9% and 7.3%, respectively (34) . The incidence of cervical involvement in the setting of known lumbar disease has not been described.
The authors suggest that routine preoperative cervical spine radiographs be carried out for all elderly patients with a known diagnosis of DISH in other spinal regions. Lumbar disease in isolation or even in addition to disease elsewhere can be considered relatively atypical, and as such there may be additional reason to suspect cervical involvement. With a relatively non-invasive, convenient and inexpensive diagnostic test, a significant risk factor for post-operative dysphagia may be identified. Increased awareness of this risk enables the maximization of peri-operative measures and preparation to reduce the significant morbidity associated with this complication. Further characterization of the incidence of cervical disease given a diagnosis of DISH involving the lumbar spine may help to further specify for which patients this recommendation should apply.
